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54) Porous aromatic polyimide 
membranes 

(5 7) A porous membrane of an 
aromatic polyimide having an 
enhanced permeability of a gas or 
liquid is produced by 

{ 1 ) preparing a dope solution of 3 
to 30% by wt. of an aromatic polyamic 
acid (made by polymerising at least 
one tetracarboxylic acid with at least 
one aromatic diamine} in a mixed 
solvent of (A) 1 00 parts by wt. of a 
base solvent capable of dissolving 5% 
by wt. or more of the polymeric acid 



and of evaporating at 30"C to 400°C 
and (B) 5 to 1 50 parts by wt. of an 
additional liquid not capable of 
dissolving 3% by wt, or more of the 
polyamic acid and capable of 
evaporating at a smaller evaporating 
rate than that of the base solvent at 
the above-mentioned evaporating 
temperature; and 

(2) forming a thin layer of the dope 
solution at O'^C to 120°C which is 
then heated at 30''C to 400 so as 
to evaporate off the mixed solvent and 
to convert the polyamic acid to the 
corresponding polyimide. 
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SPECIFICATION 

Process for producing porous aromatic polyimide membranes 

FIELD OF THE INVENTION 

The present invention relates to a process for producing a porous aronnatic polyimide membrane. 
5 More particularly, the present invention relates to a process for producing a porous aromatic polyimide 5 
membrane from a polyamic acid by using a specific solvent. 

The porous polyimide membrane prepared in accordance with the process of the present invention 
exhibits an excellent gas- and liquid-separating property, an excellent heat-resistance, a superior 
resistance to chemicals and satisfactory mechanical properties. Accordingly, the porous polyimide 
1 0 membrane produced in accordance with the present invention can be advantageously used for 10 
separation and concentration of a gas mixture, for example, a hydrogen-carbon monoxide gas mixture, 
and of a liquid mixture. The porous polyimide membrane may be in the form of a flat film or of a hollow 
fiber. 

BACKGROUND OF THE INVENTION 

15 It is well known that an aromatic polyimide membrane or film can be produced from a dope l 5 

solution of a polyamic acid, which solution has been prepared by the polymerization reaction of an 
aromatic tetracarboxylic acid component with an aromatic diamine component in an organic polar 
solvent, by spreading the dope solution on a smooth surface of a film-forming device to form a thin layer 
of the dope solution and, then, by evaporating the solvent from the dope solution layer while converting 

20 the polyamic acid to the corresponding polyimide, so as to form a thin solid film of the polyimide. This 20 
process has been actually utilized in industry. 

However, it is also known that the conventional dense membrane consisting of the aromatic 
polyimide exhibits a remarkably poor permeating rate of a gas or liquid. Therefore, the conventional 
aromaic polyimide membrane could not be used as a separator for a gas mixture or a liquid mixture or as 

25 a concentrator of a gas or liquid, unless the thickness of the membrane is made very thin. The 25 
conventional process could not provide a thin porous aromatic polyimide membrane having a 
satisfactory permeating rate for a gas or liquid. 

Under the above-mentioned circumstances, it was strongly desired to provide a new process for 
producing an aromatic polyimide membrane having a porous structure and exhibiting an enhanced 

30 permeating rate of a gas or liquid therethrough and, therefore, being useful as a separator of a gas or 30 
liquid mixture and as a concentrator of a gas or liquid, from a polyamic acid. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a process for producing a porous aromatic 
polyimide membrane having a satisfactory permeating rate of a gas or liquid therethrough from a 
35 corresponding polyamic acid, 35 

Another object of the present Invention is to provide a process for producing a porous aromatic 
polyimide membrane useful as a separator of a gas or liquid mixture and as a concentrator of a gas or 
liquid. 

The above-mentioned objects can be attained by the process of the present invention which 
40 comprises the steps of : 40 

(1 } dissolving 3 to 30% by weight of an aromatic polyamic acid which has been prepared by the 
polymerization of at least one aromatic tetracarboxylic acid component with at least one aromatic 
diamine component, In 70 to 97% by weight of a solvent consisting essentially of a homogeneous 
mixture of: 

45 (A) 1 00 parts by weight of a base solvent, consisting essentially of at least one polar organic 45 

compound which base solvent is capable of dissolving therein the polymeric acid in a concentration of 
5% by weight or more therein, and of evaporating at a temperature of from 30 to 400°C, and 

(B) 5 to 1 50 parts by weight of an additional liquid consisting essentially of at least one polar 
organic compound, which additional liquid is not capable of dissolving therein 3% by weight or more of 
50 the polyamic acid and is capable of evaporating at a smaller evaporating rate than that of the base 50 
solvent at the above-mentioned evaporating temperature, to provide a dope solution; 

(2} forming a thin layer of the dope solution at a temperature of from 0 to 1 20°C; and 
(3) heating said thin layer of the dope solution at a temperature of from 30 to 400°C, whereby the 
mixed solvent is gradually evaporated off from the thin layer of the dope solution and the polymeric acid 
55 is imidized to a corresponding polyimide, to form a porous membrane of the polyimide. 55 

DETAILED DESCRIPTION OF THE INVENTION 

In the process of the present invention, it is important that an aromatic polyamic acid to be 
converted to i] corresponding aromatic polyimide is dissolved in a specific mixture solvent of a base 
solvent and an additional liquid to provide a dope solution. The dope solution is usable for producing a 
60 porous membrane of the aromatic polyimide by forming a thin layer of the dope solution and by heating 50 
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the thin layer so as to evaporate the mixture solvent and to convert the aronnatic polyamic acid to the 
corresponding aromatic polyimide. The process of the present invention is effective for producing a 
porous membrane of the aromatic polyimide at an enhanced reproductivity, in spite of the fact that the 
conversion of the thin layer of the dope solution to the solid porous membrane is carried out 
5 simultaneously or partially simultaneously with the imidization of the polyamic acid. 5 
Usually, the porous membrane of a polymer, which membrane is usable as a separator of a gas or 
liquid mixture, is produced in a wet process wherein a thin layer is formed from a dope solution of the 
polymer; the dope solution layer is coagulated by extracting the solvent from the dope solution with a 
coagulating liquid and then, the resultant coagulated membrane of the polymer is dried, Accordingly, it 

10 is difficult to recover the solvent from the coagulating liquid. In the process of the present invention, 1 0 
however, no coagulating liquid is necessary to produce the porous solid membrane of the aromatic 
polyimide, and it is easy to recover the mixture solvent from the porous membrane-producing process. 

!n the process of the present invention, not only a porous membrane in the form of a flat film, but 
also, another porous membrane in the form of a hollow filament or hollow tube, can be readily 

15 produced. 15 
The porous membrane of the aromatic polyimide produced in accordance with the present 
invention exhibits an enhanced permeating rate of a gas or liquid substance and a separating property 
for a gas or liquid mixture and, therefore, is useful as a separator of the gas or liquid mixture and as a 
concentrator of the gas or liquid substance. 

20 The porous membrane also exhibits an excellent thermal resistance and resistance to chemicals 20 

and has satisfactory mechanical properties. 

The polyamic acid usable for the process of the present invention is an aromatic polyamic acid 
which may also be referred to as an "aromatic polyamide acid", having a high molecular weight. The 
aromatic polyamic acid is prepared by polymerizing an aromatic tetracarboxylic acid component with an 

25 aromatic diamine component in a conventional manner, and Is usable as a precursor of a corresponding 25 
aromatic polyimide. 

The aromatic polyamic acid preferably contains, in the main chain thereof, at least 60 molar^o, 
preferably at least 80 molar%, of at least one type of recurring unit of the formula (I): 



0 0 

H il II 
N /-C N R' 

mc coon 

30 wherein R represents a tetravalent aromatic radical which may be a residue derived from an aromatic 30 
tetr;icarboxvlic acid component, and R' represents a divalent aromatic radical which may be a residue 
derived from an aromatic diamine component. 

The aromatic polyamic acid usable for the process of the present invention preferably has a 
logarithmic viscosity of from 0. 1 to 7. more preferably, from 0.3 to 5. determined in a concentration of 

35 0.5 g per 1 00 ml of N-methyl'2-pyrrolidone at a temperature of 30'^C. 35 
The aromatic polyamic acid may be one prepared by polymerizing a carboxylic acid component 
consisting of at least one aromatic tetracarboxylic acid compound with a diamine component consisting 
of at least one aromatic diamine compound in the medium of a polar organic solvent at a temperature of 
from approximately 0"C to approximately 1 60°C, preferably, from O^C to 1 00"C, more preferably from 

40 O^'C to SO^C. In the preparation of the polyamic acid, the carboxylic acid component and the diamine 40 
component are preferably used in the substantially same molar amount to each other. The amount of 
either one of the two components may be about 5 molar?^a or less above the amount of the other 
com.ponent. 

The aromatic tetracarboxylic acid compound may be selected from the group consisting of 
45 biphenyl tetracarboxylic acids, for example, 3.3',4,4'-biphenyl tetracarboxylic acid, 2,3,3',4'-biphenyl 45 
tetracarboxylic acid and 2,2',3,3'-btphenyl tetracarboxylic acid: benzophenone tetracarboxylic acids, 
for example, 3,3',4,4'-benzophenone tetracarboxylic acid, and 2,3,3',4'-benzophenone tetracarboxylic 
acid; 2 2-bis (3,4-dicarboxyphenyf) propane; bis (3,4-dicarboxyphenyl) methane; bis (3,4- 
dicarboxyphenyl) sulfone: bis (3.4-dicarboxyphenyl) ether; bis (3.4-dicarboxypheny!l thioether; 
50 pyromellitic acid" and. anhydrides, salts and lower alcohol esters of the above-mentioned acids. 50 
The aromatic diamine compound may be selected from those of the formula H^N — R' — NHj, 
wherein R' is the same as defined above. It is preferable that the aromatic diamine compound be 
selected from the group consisting of those of the following formu'ae H!!. (III). ilVl and (V): 



4 




(IV) 



wherein RV R', and respectively represent, independently from each other, a member selected from 
the group consisting of hydrogen, lower alkyl radicals having 1 to 3 carbon atoms and lower alkoxyl 
5 radicals having 1 to 3 carbon atoms; A represents a divalent linking member selected from the class 5 
consisting of ■ — 0 — , — S — , —CO — , — SO^ — , — SO — , — CH^ — and — ClCHj)^ — ; and m represents 
an integer of from 1 to 4. 

Specific examples of the aromatic diamine usable for the process of the present invention are 
diamino-diphenyl ether compounds, for example, 4,4'-diaminodiphenyl ether, 3,3'-dimethyl-4,4'- 

1 0 diaminodipheny! ether, 3,3'-diethoxy-4,4'-diaminodiphenyl ether and 3,3'-dlaminodiphenyl ether; i Q 

diaminodiphenyl thioether compounds, for example, 4,4'-diaminodiphenyl thioether, and 3,3'- 
diaminodiphenyl thioether; diaminodiphenyl methane compounds, for example, 4,4'-diaminodiphenyl 
methane and 3,3'-diaminodiphenyl methane; diamlnobenzophenone compounds, for example, 4,4'- 
diaminobenzophenone, 3,3'-diaminobenzophenone and 3,3'-dimethyl-4,4'-diaminobenzophenone; 

1 5 diaminodiphenyl propane compounds, for example, 2,2-bis (4-aminophenyi) propane and 2,2-bts 1 5 

(3-amtnophenyl) propane; 4,4'-diaminodiphenyl sulfoxide; 4,4'-diaminodiphenyl sulfone; benzidines, 
3,3'-dimethyl benzidine: 3,3'-dimethoxy benzidine; o-, m- and p-phenylenediamines; diaminopyridine 
compounds; for example, 2,6-diaminopyrIdine and 3,6-diaminopyridine. 

The polar organic solvent usable for the preparation of the aromatic polyamic acid may consists 

20 essentially of at least one member selected frofm the group consisting of N,N-dimethylformamide, N,N- 20 
dimethylacetamide, dimethyl sulfoxide, hexamethylphosphoric amide, N-methyl-2-pyrrolidone, pyridine, 
dimethyl sulfone, tetramethylene sulfone, and dimethyltetramethylene sulfone. 

In the process of the present invention, the polyamic acid is uniformly dissolved In a homogeneous 
mixture solvent consisting of (A) 1 00 parts by weight of a base solvent consisting essentially of at least 

25 one polar organic compound, which base solvent is capable of dissolving therein at least 5% by weight, 25 
preferably, at least 6% by weight, of the polyamic acid and of evaporating at a temperature of from 30 
to 400''C, and (B) 5 to 1 50 parts by weight, preferably 1 0 to 1 40 parts by weight, of an additional 
solvent consisting essentially of at least one polar organic solvent, which additional solvent is capable of 
dissolving therein only (ess than 3% by weight of the polyamic acid and of evaporating at a smaller 

30 evaporating rate than that of the above-mentioned base solvent at the above-mentioned evaporating 30 
temperature, to provide a dope solution, 

The base solvent usable for the process of the present invention may be the same as the polar 
organic solvent used in the preparation of the polyamic acid, N,N-dialkylcarboxylamides, for example, 
N.N-dimethylformamide and N,N-dimethylacetamide, and N-alky(-2 -pyrrolidones, for example, N- 

35 methyl-2-pyrrolidone and N-ethyl-2 -pyrrolidone, are particularly preferable as the polar compounds for 35 
the base solvent. 

As the additional liquid usable for the mixed solvent, there is used an organic polar solvent which 
is capable of dissolving only less than 3% by weight, preferably less than 1 .5% by weight, of the 
polyamic acid and of evaporating at a smaller evaporating rate than that of the base solvent at a 
40 temperature of from 30 to 400*^0. In addition, it is natural that the additional liquid should be 40 
compatible with the base solvent and incapable of dissolving therein the polyimtde corresponding to the 
polyamic acid used. 

The additional liquid may consist essentially of at least one polar aromatic compound which has a 
boiling point of at least 5 -C, preferably, 1 0 to 200"C. above that of the base solvent, which is incapable 

45 of dissolving therein 3% by weight or more of the polyamic acid, and which is compatible with the base 45 
solvent. The additional liquid may consist essentially of at least one polar aromatic compound which has 
a boiling point in the range of from a temperature of 30 -'C below the boiling point of the base solvent to 
a temperature of 5' C above the boiling point of the base solvent, which has an ionization potential of at 
least 0. 1 ev, preferably, at least 0.2 ev. below that of the base solvent, which is incapable of dissolving 

50 therein 3,0% by weight or more of the polyamic acid and which is compatible with the base solvent. 50 
Examples of the organic compounds usable for the additional liquid are phenanthrene, o-terphenyi, 
p-terphenyl, t ~ chloronaphthalene. triphenylphosphine, triphenylami ne, aniline, naphthalene, 1 - 
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methylnaphthalene, 2-methvlnaphthalene. dimetnylnaphthalene. anthracene and 1 2-benzanthracene. 

The mixed solvent for the polyamic acid consists essentially of 1 00 parts by weight of the base 
having a high dissolving activity for the polyamic acid and 5 to 1 50 parts by weight of the additional 
liquid having a poor dissolving activity to the polyamic acid. The mixed solvent as a whole, must be able 
5 to uniformly dissolve therein the polyamic acid. Therefore the amount of the additional liquid to be 5 
contained in the mixed solvent should be limited to an extent that the polyamic acid does not precipitant 
from the resultant dope solution. 

In the dope solution of the present invention, the polyamic acid must be uniformly dissolved in a 
concentration of from 3 to 30% by weight, preferably, from 5 to 25% by weight, in the mixed solvent 
1 0 consisting essentially of the base solvent and the additional solvent, 1 q 

The dope solution may be prepared by any conventional method. For example, the dope solution 
can be prepared in such a manner that: an aromatic tetracarboxylic acid component is polymerized with 
an aromatic diamine component in the medium of an organic polar solvent capable of dissolving the 
resultant polyamic acid, at a temperature of from about 0 to about 1 20^C to prepare a solution 
1 5 containing the resultant aromatic polyamic acid, and; a necessary amount of the additional solvent is l 5 
added to the resultant solution. In another process, the dope solution can be prepared in such a manner 
that: a large amount of an organic polar solvent, incapable of dissolving therein the polyamic acid, is 
added to the above-mentioned reaction mixture containing the polyamic acid to cause the polyamic 
acid to be precipitated; the resultant precipitate In the form of a powder Is collected; and then, the 
20 powdery polyamic acid is uniformly dissolved in the above-mentioned mixed solvent. 20 
It Is preferable that the dope solution of the polyamic acid be a homogeneous liquid and exhibit a 
rotation viscosity of at least 500 centipoises, preferably, from 1 0 to 1 0,000 poises, at a thin layer- 
forming temperature. 

In the process of the present invention, the dope solution is formed Into a thin layer at a 
25 temperature of about 0 to about 1 20°C, preferably, from 30 to 11 0°C. The thm layer of the dope 25 
solution is heat-dried at a temperature of from about 30 to about 400°C, preferably, from 50 to 350°C, 
so as to gradually evaporate the mixed solvents while imidizing the polyamic acid into the 
corresponding aromatic polyimide. 

In the process of the present Invention, it is preferable that the dope solution be filtered and 
30 degassed at a temperature of from 20 to 1 20°C, preferably, from 30 to 1 1 0°C, before the thin layer- 30 
forming step. 

In the process of the present Invention, the thin layer of the dope solution may be produced and 
may be converted to a dry solid membrane by any conventional method. For example, a dope solution 
having the above-mentioned composition, which has been filtered and degassed, is coated or spread on 

35 a smooth surface of a substrate at a temperature of from about 0 to about 120°C, preferably, from 30 35 
to 1 1 0°C, so as to form a thin layer of the dope solution, having a weight of 1 0 to 5000 g/m^ The thin 
layer of the dope solution Is dried by gradually evaporating the mixed solvent at a temperature of from 
about 30 to about 400^^0 while causing the amide-acid structure in the polyamic acid to be converted 
into cyclic Imide structure, thereby producing a solidified porous aromatic polyimide membrane. 

40 Finally, the porous polyimide membrane is separated from the surface of the substrate. 40 
The heating procedure may be carried out preferably, in two or more steps in such a manner that 
in the initial stage of the heating procedure, a major portion of the mixed solvent is gradually evaporatec 
from the thin layer of the dope solution, and in the final stage, the polyamic acid contained In the dried 
thin layer is imidized. 

45 That is, it is preferable that the thin layer of the dope solution be heated in the initial stage at a 45 

temperature of from about 30 To about 1 50 = C to evaporate the mixed solvent, and, in the final stage, at 
a temperature of from 1 50 to 400^C, to imidize the polyamic acid. In each heating procedure, the 
temperature may be gradually increased within the above-mentioned range. Alternatively, an Increase in 
the temperature within the above-mentioned range may be carried out stepwise in two or more steps. 

50 "^he imidization procedure of the polyamic acid may be carried out in three steps, that is firstly at a 50 
temperature of from 1 50 to 250°C. secondly, at a temperature of 30 to 1 00°C above the first 
temperature and finally at a temperature of 30 to 1 OO^C above the second temperature. 

In the above-mentioned heating procedure, the heating time in each stage is variable depending 
on the type of the polyamic acid contained in the dope solution, the type of the base and additional 

55 solvents, the concentration of the polyamic acid in the dope solution and the heating temperature. 55 
Therefore, the heating time may be suitably determined in consideration of the above-mentioned 
variables, it is preferable that the resultant solid porous membrane have a thickness of from 5 to 500 
microns and a weight of from 1 to 600 g; m^ 

The substrate having a smooth surface on which the dope solution is applied may include a glass 

60 plate a copper plate, a steel plate, a metal plate plated with a suitable metal and a heat-resistant resin 60 
plate and; a metallic roll or belt having a smooth surface. It is necessary that the resultant solid 
membrane be readily separated from the smooth surface of the substrate 

In accordance witn the process of the present ■nvention. the porous membrane of the aromatic 
polyimide car. be continuously produced in the following manner. A dope solution of a polyamic acid 

65 having a rotation viscosity of from about 500 to about 1 00 000 centipoises is extruded through a slit 65 
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having a width of from about 0.1 to about 1 mm, toward a smooth peripheral surface of a rotating 
metallic drum or belt, at an extrusion temperature of from about 0°C to about 1 20°C. The extruded 
stream of the dope solution is spread on the surface by its own spontaneous spreading property or by 
means of a doctor knife provided on the metallic roil or belt, so as to form a thin layer of the dope 
5 solution having a uniform thickness. Then, the thin layer formed on the rotating drum on belt surface is 5 
dried at a temperature of from about 30 to about 400°C either by blowing a heated inert gas toward the 
thin layer or by applying thermic rays from an electric heater thereonto. This heating procedure causes 
the mixed solvent contained in the thin layer to be gradually evaporated while imidizing the polyamic 
acid contained in the thin layer, so as to provide a solid porous membrane of the resultant polyimide. 
1 0 Finally, the polyimide membrane is separated from the roll or belt surface. The separated porous 1 0 

membrane is preferably washed with methyl alcohol and/or acetone so as to completely remove the 
residual mixed solvent. 

The process of the present invention is advantageous in that no coagulating liquid is used for 
producing the porous membrane of the polyimide. Also, it should be noted that the process of the 
1 5 present invention has made it possible for the first time to produce a porous membrane of a polyimide 1 5 
from a dope solution of the corresponding polyamic acid by a dry method in which no coagulating liquid 
is used. 

According to the process of the present invention, the porous membrane of the aromatic 
polyimide can be stably produced in a continuous manner on an industrial scale by easy procedures. 

20 The porous membrane of the aromatic polyimide prepared in accordance with the process of the 20 

present invention exhibits such an excellent heat resistance that the membrane can be used as a 
separator of a gas or liquid mixture at an elevated temperature of from about 50 to about 350°C. 
Furthermore, the porous membrane of the present invention exhibits a satisfactory gas- or liquid- 
permeating rate, a superior chemical-resisting property and excellent mechanical properties. 

25 Therefore, the porous membrane of the present invention can be used as a separator of a gas or 25 

liquid mixture and as a concentrator of a gas or liquid. For example, the porous membrane of the present 
invention can be beneficially used for separating a hydrogen-carbon monoxide gas mixture and for 
concentrating the separated gases. 

Examples of the present invention and comparative examples are illustrated below. 

30 In the examples and comparative examples, the gas-permeability of the polyimide membrane was 30 

determined by the following gas-transmission test. In the test, membrane to be tested was placed in a 
stainless steel cell having a permeating area of 1 4.65 cm^ and each of a hydrogen gas and a carbon 
monoxide gas was supplied to the cell under a pressure of 3.0 kg/cm^G. An amount (volume) of the gas 
passed through the membrane was measured by using a flow meter. 

35 The gas-permeability (P) of each gas was calculated from the following equation: 35 

X 

Gas-permeability (P) (cmVcm' sec cmHg) = ' — - — i 

A X I X U 



wherein X represents an amount (volume) in cm^ (STP) of the gas passed through the membrane, A 
represents a permeating surface are in cm^ of the membrane through which the gas passed, T 
represents a transmission time in sec. of the gas through the membrane, and D represents a difference 
40 in pressure in cmHg between the gas-supply side and the opposite side of the membrane. 40 

EXAMPLES 1 through 5 

In each of Examples 1 through 5, a separable flank equipped with a stirrer and with a conduit for 
introducing thereinto nitrogen gas, was charged with 40 millimoles of 3,3',4,4'-biphenyl tetracarboxylic 
dianhydride (S — BPDA), 40 millimoles of 4,4'-diaminodiphenyl ether (DADE) and 1 78 g of N-methyl-2- 
45 pyrrolidone (NMP). The reaction mixture was subjected to a polymerization procedure at a temperature 45 
of 20-C for five hours while flowing nitrogen gas through the conduit and the flask, to prepare a 
solution of a polyamic acid in NMP. 

The resultant polyamic acid exhibited a logarithmic viscosity of 1 .82 determined in a 
concentration of 0.5 g per 1 00 ml of NMP at a temperature of 30°C. 
50 The resultant solution contained 1 0% by weight of the polyamic acid. 50 

The solution was mixed with the additional solvent Indicated In Table 1 In the amount indicated In 
Table 1 so as to prepare a homogeneous polyamic acid composition. The polyamic acid composition 
was filtered under pressure at ambient temperature. The filtered composition was degassed under 
reduced pressure to prepare a dope solution. The dope solution had a rotation viscosity of about 1 000 
55 centipoises at a temperature of 60^C. 55 
The logarithmic viscosity of the polyamic acid was calculated in accordance with the following 
equation. 
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, ,u viscosity of solution. 

natural [oganthm i ) 

viscosity of solve nt 

Logarithmic viscosity = ^, ; ; ! \ — : 

' concentration of polymer m solution 



10 



15 



The dope solution v;as spread on a surface of a clean flat glass at a temperature of 60°C by using 
a doctor blade to form a thin layer of the dope solution having a uniform thickness of 0.2 mm. The thin 
layer of the dope solution on the glass plate was heated at a temperature of 100°C for 3 hours, and, 
then, at a temperature of 200°C for 5 hours, to gradually evaporate the mixed solvent and to imidize the 5 
polyamic acid. Thus, a porous membrane of the resultant polyimide having a thickness of about 1 0 
microns was obtained. 

The resultant porous polyimide membrane was subjected to the gas-permeating test. The results 
of the test are shown in Table 1 . 

COMPARATIVE EXAMPLES 1 THROUGH 3 1 0 

In each of Comparative Examples 1 through 3, a polyimide membrane was prepared in accordance 

with the same procedures as those described in Example 1 , except that the additional solvent indicated 

in Table 1 was used in the amount indicated in Table 1. 

The resultant polyimide membrane was subjected to the gas-transmission test. The results are 

shown in Table 1 . 15 
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Each organic polar solvent per se, which was used as The additional solvent in the examples and 
the comparative examples, was substantially incapable of dissolving not only the aromatic polyamic 
acid powder (having a degree of imidization of ^ % or less and a logarithmic viscosity of 1 .82), but also, 
the resultant corresponding polyimide. 
5 From the results of the above-mentioned examples and the comparative examples, it is apparent 5 

that in the case where an organic polar solvent having a much higher boiling point than that of the base 
solvent was used as the additional solvent, the resultant polyimide porous membrane exhibited 
excellent properties as shown in Examples 1,2,3 and 5. Also, it is evident that even when an organic 
polar solvent having a slightly lower boiling point than that of the base solvent was used as the 

1 0 additional solvent, as long as the ionization potential of the additional solvent was significantly lower 1 Q 
than that of the base solvent, the resultant polyimide porous membrane exhibited excellent properties, 
as indicated in Example 4, because the additional solvent was evaporated at a lower evaporating rate 
than that of the base solvent during the heating procedure of the thin layer of the dope solution. 

In contrast, when an organic polar solvent having a significant lower boiling point than that of the 

1 5 base solvent was used as the additional solvent, as is shown in Comparative Examples 2 and 3, since 1 5 
the additional solvent was evaporated off at a higher evaporating rate than that of the base solvent, the 
resultant polyimide porous membrane exhibited a poor gas-permeating rate. That is, in this case, the 
gas-permeating rate of the resultant polyimide corresponded to that of the usual homogeneous non- 
porous membrane. 

20 In addition, even when an organic polar solvent having a slightly lower boiling point than that of 20 

the base solvent was used as the additional solvent, when the ionization potential of the additional 
solvent was significantly higher than that of the base solvent, as is shown in Comparative Example 1 , 
the resultant polyimide porous membrane exhibited an enhanced gas permeating rate, because the 
additional solvent was evaporated off more rapidly than the base solvent during the heating procedure 

25 of the thin layer of the dope solution. The polyimide membrane prepared in Comparative Example 1 25 
rather exhibited a performance resembling that of the usual homogeneous non-porous membrane. 

EXAMPLES 6 and 7 

In each of Examples 6 and 7, a poiyamic acid was prepared in accordance with the same 
procdures as those described in Example 1 , except that 3,3',4,4'-benzophenone tetracarboxylic acid 
30 dianhydride (BTDA) was used in place of the S— BPDA. The resultant polyamic acid exhibited a 30 
logarithmic viscosity of 1 .62 determined in accordance with the same procedure as that described in 
Example 1 . 

The polyamic acid composition indicated in Table 2 was prepared in accordance with the same 
procedures as those described in Example 1 . except that the additional solvent consisted of the 
35 compound indicated in Table 2. Then, the resultant polyamic acid composition (dope solution} was 35 
converted to a polyimide porous membrane in accordance with the same procedures as those described 
in Example 1 . 

The results of the gas-permeating test for the resultant polyimide porous membranes are shown in 
Table 2. 

40 EXAMPLES B and 9 40 
In each of Examples 8 and 9, the same procedures as those described in Example 1 were carried 
out except that pyromeilitic acid dianhydride (PMDA) was used in place of the S — BPDA, and the 
additional solvent consisted of the compound indicated in Table 2. 

The results of the gas-permeating test for the resultant polyimide porous membranes are shown in 
45 Table 2. 45 

EXAMPLES 10 and 1 1 

In each of Examples 1 0 and 11. the same procedures as those described in Example 1 were 
carried out, except that in place of the NMP, dimethylformamtde (DMF) was used as the solvent for the 
polymerization reaction, and as the base solvent, and the additional solvent consisted of the compound 
50 indicated in Table 2. 50 

The results of the gas-permeating test for the resultant polyimide porous membranes are shown in 
Table 2. 
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\n each of the above-mentioned Examples 6 Through 1 1 the resultant dope solution was 
homogeneous and exhibited a rotation viscosity of approximately 1000 poises at a temperature of 



60^C. 



CLAIMS 

5 1 , A process for producing a porous aromatic polyimide membrane, comprising the steps of: 5 

( 1 ) dissolving 3 to 30% by weight of an aromatic polyamic acid which has been prepared by the 
polymerization of at least one aromatic tetracarboxylic acid component with at least one aromatic 
diamine component, in 70 to 97°:- by weight of a solvent consisting essentially of a homogeneous 
mixture of: 

10 I AJ 1 00 parts by weight of a base solvent, consisting essentially of at least one polar organic 1 Q 

compound which base solvent is capable of dissolving therein said polymeric acid in a concentration of 
5% by weight or more therein, and of evaporating at a temperature of from 30 to 400°C, and 

IB) 5 to 1 50 parts by weight of an additional liquid consisting essentially of at least one polar 
organic compound, which additional liquid is not capable of dissolving therein 3% by weight or more of 

1 5 said polyamic acid and is capable of evaporating at a smaller evaporating rate than that of said base 1 5 
solvent at the above-mentioned evaporating temperature, to provide a dope solution; 

(2 ) forming a thin layer of said dope solution at a temperature of from 0 to 1 20°C; and 

(3) heating said thin layer of said dope solution at a temperature of from 30 to 400°C, whereby 
said mixed solvent is gradually evaporated off from said thin layer of said dope solution and said 

20 polymeric acid is imidized to a corresponding polyimide, to form a porous membrane of said polyimide. 20 
2. The process as claimed in claim 1 , wherein said polyamic acid contains at least 60 molar% of at 
least one type of recurring unit of the formula (I): 



0 0 
il II 

HOOC COOH 



wherein R represents a tetravalent aromatic radical and R' represents a divalent aromatic radical. 
25 3. The process as claimed in claim 2, wherein said polyamic acid exhibits a logarithmic viscosity of 25 

from 0.1 to 7, which has been determined at a concentration of 0.5 g per 1 00 ml of N-methyl-2- 
pyrrolidone at a temperature of 30°C. 

4. The process as claimed in claim 1 , wherein said polyamic acid is one prepared by polymerizing 
carboxylic acid component consisting of at least one aromatic tetracarboxylic acid compound with a 

30 diamine component consisting of at least one aromatic diamine compound at a temperature of from 30 
approximately O^C to approximately 1 60°C in a polar organic solvent. 

5. The process as claimed in claim 4, wherein said aromatic tetracarboxylic acid component is 
selected from the group consisting of biphenyl tetracarboxylic acids, benzophenone tetracarboxylic 
acids, 2,2-bis (dicarboxyphenyl) propane bis (3,4-dicarboxvphenyl) methane, bis (3,4-dicarboxyphenyl) 

35 sulfone. bis (3.4-dicarboxyphenyi) ether, ois (3,4-dicarboxyphenyl) thioether, pyromellitic acid, and acid 35 
anhydrides, salts and lower alcohol esters of the above-mentioned acids. 

6. The process as claimed in cla^m 4, wherein said aromatic diamine compound is selected from 
the group consisting of those of the formulae (ID through (V) 





1» 
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wherein R'. and respectively represent, independently from each other, a member selected from 
the group consisting of hydrogen atom, lower alkyi radicals having 1 to 3 carbon atoms and lower 
alkoxyl radicals having 1 to 3 carbon atoms: A represents a divalent linking member selected from the 
class consisting of — O— , — S— , —CO—, — SO^— , —SO— — CHj— and — C{CH3)2— ; and m 
5 represents an integer of from 1 to 4. 5 

7. The process as claimed in claim 1 , wherein said base solvent consists essentially of at least one 
member selected from the group consisting of N,N-dimethylformamide, N,N-dimethylacetamide, 
dimethylsulfoxide, hexamethylphosphoric amide, N-methyl-2-pyrrolidone, pyridine, dimethylsulfone, 
tetramethyienesulfone and dimethyltetramethylenesulfone. 
1 0 8. The process as claimed in claim 1 , wherein said additional liquid consists of at least one 1 0 

member selected from the group consisting essentially of phenanthrene, o-terphenyl, p-terphenyl, a- 
chloronaphthalene, triphenylphosphine, triphenylamine, aniline, naphthalene, 1 -methylnaphthalene, 2- 
methylnaphthalene. dimethylnaphthalene, anthracene, and 1 ,2-benzanthracene. 

9. The process as claimed in claim 1 , wherein said dope solution exhibits a rotation viscosity of at 
15 least 500 centipoises at the thin layer-forming temperature. 15 

1 0. The process as claimed in claim 1 , wherein said heating procedure is carried out at a 
temperature of from 30 to 1 50°C to evaporate a portion of said solvent and, then, at a temperature of 
from 1 50 to 400°C to additionally evaporate the remaining portion of said solvent and to imidize said 
polyamic acid, 

20 11, The process as claimed in claim 1 0, wherein said additional evaporating-imldizing procedure 20 

is carried out firstly at a temperature of from 1 50 to 250°C, secondly, at a temperature of from 30 to 
1 00°C above the first temperature and, finally, at a temperature of from 30 to 1 00°C above the second 
temperature. 

1 2. A porous membrane of an aromatic polyimlde, prepared by the process as claimed in claim 1 . 
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